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Abstract: A novel gram-negative bacterium, OG2, was isolated from the body microflora of cockroaches (Blatta orientalis). Based on
morphological, biochemical, and 16S ribosomal DNA sequence analysis, the isolated strain OG2 was identified as Stenotrophomonas
maltophilia. This bacterial strain was screened for its α-cypermethrin-degrading potential with minimal salt medium (MSM). The
α-cypermethrin degradation and utilization ability of the isolated organism was verified. Bacterial growth was measured by optical
density in the presence of the pesticide at different concentrations (50–200 mg/L). S. maltophilia OG2 utilized α-cypermethrin as the
sole carbon source for growth, and α-cypermethrin degradation increased when MSM was supplemented with glucose. In the absence
and presence of glucose, α-cypermethrin (100 mg/L) degradation efficiency of OG2 was 69.9% and 81.3%, respectively. Analysis of the
degradation products indicated that S. maltophilia OG2 converted α-cypermethrin to 3-phenoxybenzoic acid, 3-phenoxybenzaldehyde,
phenol, and muconic acid. Medium composition had considerable influence on the types of metabolic products. According to the
results, S. maltophilia OG2 may have potential use in the bioremediation of cypermethrin-contaminated environments.
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1. Introduction
Synthetic pyrethroids (SPs) such as cyfluthrin,
cypermethrin, deltamethrin, fenvalerate, and permethrin
have been widely used to control insect pests for public
health in agriculture, houses, and gardens throughout
the world (Chen et al., 2011a). SPs generally have lower
toxicity for living systems than organochlorines or
organophosphate insecticides (Katsuda, 1999). Studies
have demonstrated that SPs might have teratogenic,
mutagenic, neurotoxicity, and endocrine disruption
effects (Shafer et al., 2005). SPs are especially toxic to
aquatic organisms (Bradbury and Coats, 1989). Total
average annual use of SPs is estimated at nearly 1.5 billion
dollars and accounts for 17% of global insecticide sales
(Khambay and Jewess, 2005). Due to increasing use of
pesticides, their level is increasing in the environment, and
ultimately these pesticides enter the food chain (Weston et
al., 2011). α-Cypermethrin is widely used against a broad
range of insects (especially Lepidoptera, Coleoptera, and
Hemiptera) in food and nonfood crops (Diao et al., 2011).
Its abundant use poses a threat to environmental quality
and public health.
* Correspondence: ozlemgur55@gmail.com
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α-Cypermethrin is degraded by photochemical
and biological processes. Maloney et al. (1988) studied
the microbial transformation of α-cypermethrin by
Pseudomonas fluorescens, Achromobacter sp., and Bacillus
cereus. Various cypermethrin-degrading microorganisms
such as Pseudomonas sp. (Grant et al., 2002; Jilani and
Khan, 2006), Micrococcus sp. CPN1 (Tallur et al., 2008),
Serratia sp. (Grant et al., 2002; Zhang et al., 2010), and
Ochrobactrum lupini DG-S-01 (Chen et al., 2011a) have
been reported. Recently, Stenotrophomonas maltophilia
was used for biodegradation of keratin (Jeong et al., 2010),
alkane (Hassanshahian et al., 2013), toluene, benzene,
ethylbenzene, xylene (Lee et al., 2002), pesticides (Dubey
and Fulekar, 2012), and phenol (Basak et al., 2014).
Invertebrates host numerous microorganisms with
interactions ranging from symbiosis to pathogenesis.
Cockroach (Insecta: Blattodea) species live in warehouses,
kitchens, cellars, and hospitals. They have been researched
as transmitters and spreaders of pathogenic bacteria in
many areas (Pai et al., 2005; Elgderi et al., 2006). SPs are
intensively used for cockroach management/control due
to their forceful and low mammalian toxicity. Cockroaches
have evolved a resistance to different insecticides (Valles et
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al., 2000). No information is available about the microflora
of cockroaches living in an environment with pesticides.
Cockroaches are generally exposed to many pesticides and
other organic pollutants. Therefore, the chance of isolating
novel microorganisms capable of degrading the different
hazardous materials present in insecticides from insect
microflora is very high. The present study investigates
α-cypermethrin biodegradation using S. maltophilia OG2
isolated from Blatta orientalis.
2. Materials and methods
2.1. Chemicals
α-Cypermethrin, 3-phenoxybenzoic acid, phenol,
3-phenoxybenzaldehyde, and muconic acid were
purchased from Sigma Chemical Co. (St Louis, MO,
USA). The stock α-cypermethrin solution was prepared in
acetone and used for all the experiments.
2.2. Isolation of α-cypermethrin biodegrading
microorganism
Cockroaches (Blatta orientalis Linnaeus 1758; Dictyoptera)
were collected from a cow barn contaminated with
pyrethroid and chlorinated organochlorine pesticide in
Samsun, Turkey. The insects were surface-sterilized using
70% ethanol for 1 min and crushed in a sterile mortar
containing 10 mL of 0.85% (w/v) saline solution (Okay et
al., 2013). Dilutions of 10–4 of each sample (1 mL) were
suspended in 5.0 mL of liquid minimal salt medium
(MSM) containing 100 mg/L α-cypermethrin in a 250mL Erlenmeyer flask and incubated at 30 °C with shaking
(150 rpm). The MSM was autoclaved at 121 °C for 20 min,
after which it was aseptically spiked with α-cypermethrin
dissolved in acetone to yield a final concentration of
100 mg/L. The MSM consisted of (g/L): (NH4)2SO4, 2;
MgSO4.7H2O, 0.2; CaCl2.2H2O, 0.01; FeSO4.7H2O, 0.001;
Na2HPO4.12H2O, 1.5; and KH2PO4, 1.5. It was used for
both the pure and mixed culture studies (Chen et al.,
2011a, 2012a). The trace element solution prepared for
MSM contained (mg/L): MnCl2.4H2O, 198; ZnCl2, 136;
CuCl2.2H2O, 171; CoCl2.6H2O, 24; and NiCl2.6H2O, 24
(Siddique et al., 2003). After 7 days, 0.2 mL of each culture
was reinoculated into new α-cypermethrin MSM medium
and further incubated at 30 °C for 7 days. This subculture
was repeated under the same culture conditions, and then
an aliquot (0.1 mL) from each culture was applied to solid
α-cypermethrin MSM for isolation of single colonies.
2.3. Identification of α-cypermethrin biodegrader
microorganisms
Analysis of 16S rDNA was performed for the
taxonomic characterization of the isolated strain. The
genomic DNA was extracted from pure culture using
the DNA Mini Prep Kit (QIAGEN), and 16S rDNA
was PCR-amplified using universal primers 27F:
5′-AGAGTTTGATCMTGGCTCAG-3′
and
1492R:

5′-ACGGCTACCTTGTTACGACTT-3′. The universal
primers 27F (5′-AGAGTTTGATCMTGGCTCAG-3′) and
1492R (5′-CGGYTACCTTGTTACGACTT-3′) were used
to amplify the 16S rDNA. A typical reaction mixture in each
PCR tube for 25 µL of total volume contained 1 µL of the
appropriate dilutions of DNA, 5 µL of 10X PCR reaction
buffer, 0.5 µL of Taq DNA polymerase, 0.5 µL of dNTPs,
2.5 µL of MgCl2, and 0.5 µL of each primer. The mixture
was brought to 13 µL with sterile deionized, distilled water.
The PCR was run for 30 cycles with the following thermal
profile: denaturation at 94 °C for 30 s, primer annealing at
57 °C for 45 s, and extension at 72 °C for 90 s. The final cycle
included an extension for 7 min at 72 °C. PCR products
were cleaned and sequenced by REFGEN (Ankara, Turkey).
The isolate identification was verified by the analysis of the
16S ribosomal DNA sequence, which was compared with
the National Center for Biotechnology Information (NCBI)
database using the online BLAST search (http://www.ncbi.
nlm.nih.gov/BLAST).
2.4. Preparation of bacterial inoculum for biodegradation
studies
S. maltophilia OG2 was grown in nutrient broth (Merck)
to the midlog phase of growth (30 °C, 150 rpm, 24 h). The
cells were then centrifuged at 5000 rpm for 10 min, washed
twice with sterile 0.85% saline solution, and diluted with
sterile water to a uniform optical density (OD600) of 0.50.
2.5. Optimum concentration of α-cypermethrin for S.
maltophilia OG2
Different concentrations (50, 100, 150, and 200 mg/L) of
α-cypermethrin were prepared in 100 mL of MSM in 250mL conical flasks, and 1 mL of inoculum (OD600 0.5) was
added. The flasks were shaken at 150 rpm at 30 °C for 10
days.
2.6. Effect of glucose supplementation on the
biodegradation of α-cypermethrin
Growth of the bacterial strain was measured by optical
density in the absence and presence of glucose (1
g/L) as a supplementary carbon source in addition to
α-cypermethrin (100 mg/L) in MSM for 10 days. Growth
was also seen in medium supplemented with glucose
as a carbon source without α-cypermethrin. Samples
withdrawn at intervals of 3, 5, and 10 days were also
analyzed for residual α-cypermethrin concentration using
HPLC.
2.7. Analytical methods
α-Cypermethrin and its degradation products, 3-phenoxybenzoic acid, phenol, 3-phenoxybenzaldehyde, and
muconic acid, were analyzed by HPLC. In the cultures
α-cypermethrin was extracted by the addition of an equal
volume of ethyl acetate. The sample was dehydrated by
passing it through anhydrous Na2SO4 and then concentrated with a rotary evaporator. Samples were analyzed
by HPLC using a SUPELCOSIL C18 DB column (250 × 4.6
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3. Results and discussion
3.1. Isolation and identification of α-cypermethrinbiodegrading bacteria
Several interactions (pathogenic, symbiotic, and vectoring)
can be distinguished between insects and bacteria (Dillon
and Dillon, 2004; Ozdal et al., 2012). The present study
represents the isolation and identification of a bacterial
strain capable of degrading α-cypermethrin as the carbon
source and taken from the microflora of cockroaches
living in a pesticide-contaminated environment.
A bacterium was isolated from the body microflora of
cockroaches through repetitive enrichment culture and
successive transfer using α-cypermethrin MSM. Classical
tests showed that it was a gram-negative, aerobic, oxidasenegative, catalase- and nitrate-reduction-positive, rodshaped, bright-yellow pigmented, and mobile organism.
Finally, a 902-bp 16S ribosomal DNA sequence of the
strain was BLAST-searched (http://www.ncbi.nlm.nih.
gov/BLAST) and aligned with S. maltophilia sequences.
The sequence was deposited in GenBank with the accession
number KC453991. The isolate was named S. maltophilia
strain OG2. A phylogenetic tree was composed, as shown
in Figure 1, with the selected 16S rDNA sequences using

the neighbor-joining method. This is the first report of
α-cypermethrin-degrading bacteria isolated from B.
orientalis.
3.2. Optimum concentration of α-cypermethrin for S.
maltophilia OG2
Different concentrations (50, 100, 150, and 200 mg/L)
of α-cypermethrin were tested in order to determine the
toxic dose for the isolated bacterial strain. Maximum
bacterial growth was obtained at an initial concentration
of 100 mg/L. α-Cypermethrin concentrations higher than
100 mg/L had a negative effect on bacterial growth (Figure
2).
3.3. Growth kinetics of S. maltophilia OG2 in medium
supplemented with glucose as the carbon source
Significant differences were obtained in different media
(containing only α-cypermethrin, α-cypermethrin +
glucose, and only glucose in MSM) in terms of bacterial
growth and biodegradation. Maximum bacterial growth
was obtained with the addition of glucose (Figure 3). After
10 days of incubation, the bacterial growth in the medium
containing only α-cypermethrin (without glucose in
MSM) was 0.66 (OD600), and it increased up to 1.6 (OD600)
0.8
0.6
OD600

mm, 5 µm) with a acetonitrile:water (85:15) mobile phase.
The solutes were detected using a UV-Vis detector at 235
nm (Chen et al., 2011a). The compounds were identified
by comparison of HPLC retention times to those of authentic standards. Retention times for α-cypermethrin,
3-phenoxybenzoic acid, phenol, 3-phenoxybenzaldehyde,
and cis,cis-muconic acid under these analytical conditions were 4.603, 2.119, 8.298, 2.273, and 3.573 min, respectively. The optical densities of the culture media were
determined spectrophotometrically by measuring the absorbance at 600 nm.

0.4
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Figure 2. Effect of the different concentrations of α-cypermethrin
on the growth of S. maltophilia OG2.

Stenotrophomonas maltophilia strain KNUC605
Stenotrophomonas maltophilia strain KNUC2106
Stenotrophomonas maltophilia strain IdR
Stenotrophomonas maltophilia strain IHB B 1365
Stenotrophomonas maltophilia strain 6B2-1
Stenotrophomonas maltophilia strain BXCC-61
Stenotrophomonas maltophilia strain KTO-25

Stenotrophomonas maltophilia strain OG2

Figure 1. Phylogenetic tree based on the 16S rDNA sequences of strain OG2 and related species.
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Figure 3. Effects of glucose addition on the growth of S.
maltophilia OG2, i.e. MSM + glucose (◊), MSM + glucose +
α-cypermethrin (□), MSM + α-cypermethrin (○).

when glucose was added. It is quite likely that carbon
sources stimulated the growth (Kumar and Philip, 2006),
and the presence of α-cypermethrin in the medium had a
toxic effect on growth.
3.4. Degradation of α-cypermethrin by S. maltophilia
OG2 in batch culture
The addition of glucose increased biodegradation
of α-cypermethrin. In the absence of glucose, the
α-cypermethrin degradation efficiency of S. maltophilia
OG2 was 69.9% at the end of 10 days. The addition of 1
g/L of glucose increased α-cypermethrin degradation
efficiency to 81.3% (Figure 4), which corresponds to an
increase of 16.3%. Many researchers reported that the
efficiency of pesticide biodegradation increased following
the addition of extra carbon sources (Kumar and Philip,
2006; Chen et al., 2011a, 2012b). These results suggested
that the increase in biodegradation was dependent on the
increase in cell concentration, as reported in another study
(Pino and Penuela, 2011). These results were in agreement
with the results of the present study.
As seen in Figure 3, the rate of biodegradation
products increased in the presence of glucose. Although
phenol was the major metabolite in the absence of glucose,
3-phenoxybenzoic acid was the major metabolite in the
presence of glucose. As seen in Figure 5, 3-phenoxybenzoic
acid, phenol, and 3-phenoxybenzaldehyde are
intermediates in the biodegradation of α-cypermethrin
by S. maltophilia OG2. In the control flasks the
degradation rate of α-cypermethrin was about 15.87%
after 10 days of incubation (Figure 5). S. maltophilia
strain OG2 metabolized 3-phenoxybenzaldehyde to

-

Figure 4. Biodegradation of α-cypermethrin (100 mg/L) in the
presence and absence of glucose and its metabolites at 10 days.
Degradation in MSM supplemented with α-cypermethrin as the
sole carbon source: gray.
Degradation in MSM supplemented with glucose as an additional
source of carbon: black.

3-phenoxybenzoic acid and oxidized phenol to muconic
acid through an ortho-cleavage pathway similar to
that reported for Micrococcus sp. strain CPN 1 (Tallur
et al., 2008). Muconic acid, which is the final product,
was found in both cultures. According to the results of
research to date, pyrethroid-degrading microorganisms
tended to transform pyrethroids by hydrolysis to
yield 3-phenoxybenzoic acid, and 3-phenoxybenzoic
100
90
80
Biodegradation (%)

0

70
60
50
40
30
20
10
0

0

3

Time (days)

5

10

Figure 5. Biodegradation of α-cypermethrin and its metabolites in
MBS + α-cypermethrin (100 mg/L) + glucose (0.1%), i.e. control
(◊); α-cypermethrin (□); muconic acid (×); 3-phenoxybenzoic
acid (●); 3-phenoxybenzaldehyde (■); phenol (○).
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α-cypermethrin

Phenol

3- phenoxybenzaldehyde

3-phenoxybenzoic acid

Muconic acid

Figure 6. Proposed pathway of α-cypermethrin biodegradation for S. maltophilia
OG2 (Tallur et al., 2008).

acid is the major metabolite of pyrethroids, with the
exception of cyfluthrin (Laffin et al., 2010). Furthermore,
3-phenoxybenzoic acid is classified as an endocrinedisrupting chemical due to its antiestrogenic activity (Tyler
et al., 2000). These results showed that S. maltophilia OG2
could degrade toxic metabolites such as 3-phenoxybenzoic
acid and phenol. Tallur et al. (2008) proposed the pathway
of α-cypermethrin biodegradation, as seen in Figure 6,
and we can speculate that the pathway of α-cypermethrin
biodegradation in S. maltophilia OG2 is similar. On the
other hand, Stenotrophomonas species were reported to
degrade diverse compounds including organochlorine
pesticides such as endosulfan (Barragain-Huerta et al.,
2007; Kumar et al., 2007), a wide range of pyrethroids
(Chen et al., 2011b), organophosphates, and 4-substituted
phenols (Liu et al., 2009). Zhang et al. (2010) reported that
Serratia sp. JC1 and JCN13 could degrade 92% and 89%
β-cypermethrin (100 mg/L) within 10 days, respectively.
Ochrobactrum lupini DG-S-01 degraded β-cypermethrin
(50 mg/L) by over 90% within 5 days (Chen et al., 2011a).
Chen et al. (2011b) reported that Stenotrophomonas sp.
ZS-S-01 could rapidly degrade a wide range of pyrethroids
such as fenvalerate, deltamethrin, β-cypermethrin (about
86%, 50 mg/L), β-cyfluthrin, and cyhalothrin. Chen et
al. (2012b) reported that cypermethrin (50 mg/L) was

completely degraded in a coculture of Bacillus cereus ZH-3
and Streptomyces aureus HP-S-01 within 72 h. However,
there are rare reports of α-cypermethrin-degrading strains.
To the best of our knowledge, this is the first report on S.
maltophilia OG2 capable of α-cypermethrin degradation.
In this study, we obtained a new bacterial isolate, S.
maltophilia OG2, which can degrade α-cypermethrin
successfully. Pollution by pyrethroids has become a
very important problem in pesticide-treated areas.
Currently, one of the major environmental problems
is pesticide contamination caused by activities related
to agricultural applications. Different mechanical and
chemical methods are rarely used to remove pesticides
from contaminated fields due to limited efficiency and the
expense. Biodegradation is an encouraging process for the
treatment of pesticide-contaminated areas due to the rapid
and complete mineralization of pesticides. An isolated
bacterial strain might be useful for bioremediation of
α-cypermethrin-polluted soil and water environments.
Acknowledgments
This research was supported by a grant from the research
funds appropriated to Atatürk University (2009/236),
Erzurum, Turkey. Thanks to Dr Sümeyra Gürkök for
assistance with the English.

References
Barragan-Huerta BE, Costa-Perez C, Peralta-Cruz J, BarreraCortes J, Esparza-Garcia F, Rodriguez-Vazquez R (2007).
Biodegradation of organochlorine pesticides by bacteria grown
in microniches of the porous structure of green bean coffee. Int
Biodeterior Biodegrad 59: 239–244.

688

Bradbury SP, Coats JR (1989). Toxicokinetics and toxicodynamics
of pyrethroid insecticides in fish. Environ Toxicol Chem 8:
373–380.

GÜR et al. / Turk J Biol
Chen S, Geng P, Xiao Y, Hu M (2012a). Bioremediation of
β-cypermethrin and 3-phenoxybenzaldehyde contaminated
soils using Streptomyces aureus HP-S-01. Appl Microbiol Biotechnol 94: 505–515.
Chen S, Hu M, Liu J, Zhong G, Yang L, Rizwan-ul-Haq M, Han
H (2011a). Biodegradation of beta-cypermethrin and
3-phenoxybenzoic acid by a novel Ochrobactrum lupini DG-S01. J Hazard Mater 187: 433–440.
Chen S, Luo J, Hu M, Lai K, Geng P, Huang H (2012b). Enhancement
of cypermethrin degradation by a coculture of Bacillus cereus
ZH-3 and Streptomyces aureus HP-S-01. Bioresour Technol
110: 97–104.

Liu Z, Yang C, Jiang H, Mulchandani A, Chen W, Qiao C (2009).
Simultaneous degradation of organophosphates and
4-substituted phenols by Stenotrophomonas species LZ-1 with
surface-displayed organophosphorus hydrolase. J Agric Food
Chem 57: 6171–6177.
Maloney SE, Maule A, Smith ARW (1998). Microbial transformation
of the pyrethroid insecticides: permethrin, deltamethrin,
fastac, fenvalerate, and fluvalinate. Appl Environ Microbiol 54:
2874–2876.
Okay S, Özdal M, Kurbanoğlu EB (2013). Characterization,
antifungal activity and cell immobilization of a chitinase from
Serratia marcescens MO-1. Turk J Biol 37: 639–644.

Chen S, Yang L, Hu M, Liu J (2011b). Biodegradation of fenvalerate
and 3-phenoxybenzoic acid by a novel Stenotrophomonas sp.
strain ZS-S-01 and its use in bioremediation of contaminated
soils. Appl Microbiol Biotechnol 90: 755–767.

Ozdal M, Incekara U, Polat A, Gur O, Kurbanoglu EB, Tasar GE
(2012). Isolation of filamentous fungi assocıated with two
common edible aquatic ınsects, Hydrophılus piceus and
Dytiscus marginalis. J Microbiol Biotechnol Food Sci 2: 95–105.

Diao J, Xu P, Liu D, Lu Y, Zhou Z (2011). Enantiomer-specific toxicity
and bioaccumulation of alpha-cypermethrin to earthworm
Eisenia fetida. J Hazard Mater 192: 1072–1078.

Pai HH, Chen WC, Peng CF (2005). Isolation of bacteria with
antibiotic resistance from household cockroaches Periplaneta
americana and Blattella germanica. Acta Trop 93: 259–265.

Dillon RJ, Dillon VM (2004). The gut bacteria of insects:
nonpathogenic interactions. Annu Rev Entomol 49: 71–92.

Pino N, Penuela G (2011). Simultaneous degradation of the
pesticides methyl parathion and chlorpyrifos by an isolated
bacterial consortium from a contaminated site. Int Biodeterior
Biodegrad 65: 827–831.

Elgderi RM, Ghenghesh KS, Berbash N (2006). Carriage by
the German cockroach (Blattella germanica) of multipleantibiotic-resistant bacteria that are potentially pathogenic to
humans, in hospitals and households in Tripoli, Libya. Ann
Trop Med Parasitol 100: 55–62.

Shafer TJ, Meyer DA, Crofton KM (2005). Developmental
neurotoxicity of pyrethroid insecticides: critical review and
future research needs. Environ Health Perspect 113: 123–136.

Grant RJ, Daniell TJ, Betts WB (2002). Isolation and identification
of synthetic pyrethroid-degrading bacteria. J Appl Microbiol
92: 534–540.

Siddique T, Okeke BC, Arshad M, Frankenberg WT (2003).
Enrichment and isolation of endosulfan-degrading
microorganisms. J Environ Qual 32: 47–54.

Jilani S, Khan MA (2006). Biodegradation of cypermethrin by
pseudomonas in a batch activated sludge process. Int J Environ
Sci Technol 3: 371–380.

Tallur PN, Megadi VB, Ninnekar HZ (2008). Biodegradation of
cypermethrin by Micrococcus sp. strain CPN 1. Biodegradation
19: 77–82.

Katsuda Y (1999). Development of and future prospects for
pyrethroid chemistry. Pestic Sci 55: 775–782.

Tyler CR, Beresford N, Woning M, Sumpter JP, Thorpe K (2000).
Metabolism and environmental degradation of pyrethroid
insecticides produce compounds with endocrine activities.
Environ Toxicol Chem 19: 801–809.

Khambay B, Jewess P (2005). Pyrethroids. In: Gilbert LI, Iatrou K,
Gill SS, editors. Molecular Insect Science. Oxford, UK: Elsevier,
pp. 1–29.
Kumar K, Devi SS, Krishnamurthi K, Kanade GS, Chakrabarti T
(2007). Enrichment and isolation of endosulfan degrading and
detoxifying bacteria. Chemosphere 68: 317–322.
Kumar M, Philip L (2006). Bioremediation of endosulfan
contaminated soil and water-optimization of operating
conditions in laboratory scale reactors. J Hazard Mater 136:
354–364.
Laffin B, Chavez M, Pine M (2010). The pyrethroid metabolites
3-phenoxybenzoic acid and 3-phenoxybenzyl alcohol do
not exhibit estrogenic activity in the MCF-7 human breast
carcinoma cell line or Sprague–Dawley rats. Toxicology 267:
39–44.

Valles SM, Dong K, Brenner RJ (2000). Mechanisms responsible
for cypermethrin resistance in a strain of German cockroach,
Blattella germanica. Pestic Biochem Physiol 66: 195–205.
Weston DP, Asbell AM, Hecht SA, Scholz NL, Lydy MJ (2011).
Pyrethroid insecticides in urban salmon streams of the Pacific
Northwest. Environ Pollut 159: 3051–3056.
Zhang C, Jia L, Wang S, Qu J, Li K, Xu L, Shi Y, Yan Y (2010).
Biodegradation of beta-cypermethrin by two Serratia spp. with
different cell surface hydrophobicity. Bioresour Technol 101:
3423–3429.

689

